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The  operation  of  implanting  between  the  resected  ends  of  a periph- 
eral nerve  a segment  of  a nerve  from  a recently  amputated  limb  or 
from  one  of  the  lower  animals  is  comparatively  rare.  In  the  majority 
of  cases  of  accidental  impairment  of  the  conductivity  of  a peripheral 
nerve  the  proximal  and  distal  fragments  can  be  brought  together  and 
directly  sutured.  Obviously  this  is  the  ideal  method,  and  that,  often- 
times, it  is  markedly  successful  may  be  seen  from  the  reported  cases  of 
apparent  primary  union  occurring  after  immediate  suturing  of  the 
divided  nerves. 

In  a certain  joroportion  of  cases,  however,  so  much  of  the  nerve-sub- 
stance will  be  removed  as  to  preclude  all  chance  of  a direct  union  of 
the  divided  ends  of  the  nerve-trunk.  This  will  happen  more  often 
during  the  removal  of  tumors  involving  a peripheral  nerve.  The  same 
condition  may  result  from  an  extensive  crush  of  the  nerve-substance, 
necessitating  the  resection  of  considerable  portions  of  the  nerve  before 
healthy  tissue  is  reached,  or  the  injured  nerve  may  be  so  embedded  in 
dense  connective  tissue  as  to  render  a dissection  at  the  point  of  the 
lesion  exceedingly  difficult  and  of  doubtful  utility. 

Under  these  conditions  the  surgeon  must  decide  what  method  of 
bridging  over  the  gap  in  the  nerve-trunk  and  restoring  its  conductivity 
shall  be  employed.  His  choice  will  naturally  depend  largely  upon  the 
recorded  results  of  other  operators,  including  experimental  as  well  as 
actual  work  on  the  human  subject.  Deductions  from  the  cases  of  nerve 
transjdantation  will  be  rendered  difficult  from  the  small  number  recorded, 
from  the  meagreness  of  the  reports  and  the  absence  of  the  very  details 
needful  to  the  settling  of  certain  mooted  questions. 


* Inaugural  thesis  read  before  the  Chicago  Academy  of  Medicine,  May  13,  1898. 
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To  observe,  treat,  and  record  intelligently  a case  of  nerve  section 
requires  a knowledge  of  nerve  physiology  and  histology  rarely  pos- 
sessed by  the  average  surgeon.  It  is  only  by  the  combined  efforts  of 
specialists  in  these  departments  that  such  cases  of  nerve  surgery  can  be 
worked  out  to  the  greatest  advantage. 

If  the  present  paper  shall  prove  to  be  of  any  scientific  value  I feel 
that  it  will  be  due  largely  to  the  assistance  of  my  friend.  Professor  G. 
Carl  Huber,  of  the  University  of  ^Michigan,  whose  splendid  work  on 
nerve  degeneration  and  regeneration  is  so  well  known. 

History  of  the  Case.  The  patient,  the  report  of  whose  case  forms  the 
basis  of  the  present  article,  was  referred  to  me  by  his  brother.  Dr.  A. 
G.  Graybill,  of  Caledonia,  Mich.,  to  whom  I am  indebted  for  accurate 
notes  taken  from  time  to  time  at  my  request. 

N.  G.,  male,  aged  twenty-four  years,  on  May  17,  1896,  sustained  a 
severe  injury  to  the  right  wrist  by  coming  in  contact  with  a circular 
saw,  the  cut  extending  transversely  across  the  wrist  and  nearly  to  the 
bone.  The  ulnar  artery  and  a number  of  the. flexor  tendons  were 
severed  and  immediately  sutured  by  the  local  surgeon,  who  assured 
the  patient  that  the  nerves  were  uninjiu'ed  and  that  in  time  he  would 
regain  full  use  of  his  hand.  The  wound  was  dressed  ten  days  after  the 
operation  and  found  to  be  suppurating.  For  a time  the  wound  was 
dressed  every  day,  and  up  to  the  time  of  consulting  his  brother,  some 
four  months  after  the  injury,  had  not  healed.  The  patient  had  no 
feeling  in  the  hand,  and  at  first  complete  loss  of  muscular  movement. 
After  awhile  he  was  able  to  close  his  hand,  but  not  well.  Sensation 
did  not  improve,  and  his  fingers  began  to  draw  upward,  and  he  was 
unable  to  straighten  them.  Finally  sores  began  to  appear  upon  the 
fingers,  and  becoming  alarmed  he  travelled  many  miles  in  order  to 
place  himself  under  his  brother’s  care. 

My  first  examination  of  the  case  was  on  September  21,  1896.  The 
patient  was  a remarkedly  well-developed  and  muscular  man.  About 
7 cm.  above  the  right  wrist  was  situated  an  irregular  cicatrix.  On  the 
ulnar  side  of  the  forearm  it  was  depressed  and  adherent.  There  was  a 
longitudinal  cicatrix  on  the  ulnar  side  of  the  forearm,  extending  from 
2 cm.  above  the  depressed  cicatrix  to  the  wrist.  About  8 cm.  above 
the  wrist,  over  the  normal  site  of  the  median  nerve,  was  a superficial 
sinus,  from  which  a small  quantity  of  pus  could  be  pressed.  The  flexor 
tendons  were  contracted  and  bound  down  by  cicatricial  tissue.  (Figs. 
1 aud  2.)  Accompanying  this  contraction  was  a flexure  of  the  fingers 
which  could  not  be  overcome  by  passive  motion. 

The  trophic  changes  in  the  hand  were  marked.  It  was  distinctly 
colder  than  the  left,  its  color  dull  red,  surface  smooth  and  glossy,  and 
nails  corrugated.  There  were  a number  of  blebs  the  size  of  a pea  scat- 
tered over  the  dorsal  surface  of  the  third  and  fourth  fingers.  A super- 
ficial ulcer,  11  cm.  in  diameter,  existed  at  the  root  of  the  nail  of  the 
third  finger.  (Fig.  1.)  There  was  a marked  atrophy  of  the  small 
muscles  of  the  hand,  and  the  thenar  and  hypothenar  eminences  were 
considerably  flattened.  The  interosseous  s[)aces  were  also  markedly 
furrowed.  The  hand  could  be  closed  only  partially,  there  being  in- 
ability to  bring  the  finger-tips  into  the  palm.  Abduction  and  appo- 
sition of  the  tliumb  were  impossible,  an  object  in  the  hand  being 
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grasped  only  through  the  agency  of  the  long  flexors.  Extension  of 
the  fingers  was  rendered  doubly  impossible  by  contraction  of  the  flexor 
tendons  and  atrophy  of  the  interosseous  and  lumbricales  muscles. 


Fig.  1. 


Showing  trophic  change^.  Taken  four  days  prior  to  operation. 


The  area  of  anajsthesia  was  tested  by  the  induced  current  and  by  a 
pin-prick.  There  was  absolute  amesthesia  in  the  palmar  surface  of  the 
hand,  over  all  the  digits  and  inner  surface  of  the  thuiub.  The  ulnar 
side  of  the  hand  was  ana>sthetic.  On  the  dorsal  surface  the  skin  was 
an?e.sthetic  over  the  entire  distal  half  of  the  first  three  digits,  over  the 
ulnar  half  of  the  proximal  part  of  the  third  digit,  and  over  the  entire 
surface  of  the  small  digit  and  a corresponding  area  downward  to  the 
wrist.  There  was  a small  border  of  anajsthesia  on  the  radial  side  of  the 
proximal  half  of  the  first  finger  and  the  outer  surface  of  the  thumb. 
(Fig.s.  3 and  4.) 

The  patient  was  directed  to  return  home  and  have  the  suppurating 
tract  treated  daily  with  peroxide  of  hydrogen  until  it  was  entirely 
healed,  as  it  was  oonsidered  useless  to  attempt  anything  operative  ujion 
the  severed  nerves  save  in  a clean  field.  On  October  17th,  the  wound 
having  healed  entirely,  he  was  seen  in  consultation  by  Professors  Herd- 
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man  and  Huber,  of  Ann  Arbor.  The  former  kindly  subjected  the 
hand  to  a very  careful  electrical  examination,  as  follows : Examina- 
tion with  Waite  & Bartlette  high-tension  induction  coil,  secondary  in 
use,  four  interruptions  per  second,  with  secondary  coil,  carrying  the 
primary  to  the  extent  of  25  millimetres.  With  a flat  electrode  one  and 
a half  inches  in  diameter  at  the  back  of  the  neck,  and  a pointed  elec- 
trode over  the  nerves  at  the  elbow-joint,  responses  were  obtained  from 
the  left  ulnar  and  median  nerves.  With  electrodes  in  the  correspond- 
ing position  on  the  right  arm  it  was  necessary  to  move  the  secondary 

Fig.  2. 


Taken  two  and  a hall  months  after  operation. 


coil  from  25  to  38  millimetres  to  obtain  some  response.  With  pointed 
electrodes  on  the  nerves  and  muscles  iu  the  palm  there  was  no  response. 
The  antesthetic  area  was  carefully  noted  by  the  induced  current,  and 
corresponds  to  that  noted  in  Figs.  3 and  4.  Continuous  current  exami- 
nation. In  muscles  supplied  by  the  median,  a current  of  ten  milliam- 
peres  being  used,  the  response  was  shurgish  and  wormlike.  A.  C.  C. 
greater  than  C.  C.  C.  The  same  condition  existed  for  the  muscles  sup- 
plied by  the  ulnar.  Reaction  of  degeneration,  therefore,  was  shown  to 
be  present  in  the  hand-muscles  supplied  by  these  two  nerves. 
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Operation,  October  24,  1896,  five  months  after  tlie  injury.  At  the 
time  of  the  operation  the  trophic  changes  on  the  fingers  were  still 
marked,  and  rendered  complete  asepsis  of  the  wrist  somewhat  difficult. 
The  fingers  were  wrapped  in  iodoform  gauze  and  cotton,  but  the  wrap- 
pings became  deranged  at  the  time  of  the  operation,  and  possibly 
accounted  for  the  superficial  suppuration  of  the  wound  over  the 
median  nerve. 

Fig.  3.  Tig.  4. 


Right  hand,  palmar  surface,  October  17.  Anses-  Dorsal  surface,  October  17. 

thetic  area  shaded,  a.  Location  of  scar. 

The  hand  was  rendered  bloodless  by  an  Esmarch  bandage,  and  an 
incision  7 cm.  long  was  made  over  the  normal  site  of  the  median  nerve. 
(Fig.  2.)  The  flexor  tendons  were  found  to  be  very  adherent  and  con- 
tracted. The  cut  median  was  located  after  a little  searching.  It  was 
considerably  thicker  than  the  normal  nerve,  and  its  two  ends  were 
united  by  a small  band  of  dense  connective  tissue.  (Fig.  9.)  The 
proximal  end  of  the  median  ended  in  a hard  bulb  2|  cm.  in  length  and 
2 cm.  in  width.  In  order  to  expose  the  nerve-tissue  at  the  proximal 
and  distal  ends,  and  to  get  rid  of  all  connective  tissue,  the  bulb  above 
and  a portion  of  the  nerve  below  were  removed,  the  whole  fragment, 
including  the  connective-tissue  bridge,  measuring  3^  cm.  So  much 
force  was  reijuired  to  bring  together  the  cut  ends  that  it  was  decided 
best  to  fill  in  the  gap  with  a dog’s  nerve. 

xV  young  black  hound  had  been  aseptically  prepared,  and  4 cm.  of  the 
right  sciatic  were  removed  and  sutured  between  the  resected  ends  of  the 
median  with  kangaroo  tendon.  A fine  curved  needle  was  used,  and  two 
sutures  passed  J cm.  away  from  the  ends  and  carefully  tied.  The  fascia 
was  sutured  over  the  transplanted  fragment,  and  the  flexor  tendons 
loosened  as  much  as  possible.  The  skin  was  sutured  with  catgut,  a 
few  strands  of  silkworm-gut  being  used  for  drainage.  An  incision  7 
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cm.  long  was  now  made  over  the  normal  site  of  the  ulnar  nerve.  Con- 
siderable difficulty  was  experienced  in  locating  the  incised  nerve,  from 
the  fact  that  the  upper  fragment  was  joined  to  the  distal  fragment  of 
the  severed  carpi  ulnaris  tendon.  The  distal  end  of  the  ulnar  nerve 
was  found  lying  slightly  below  and  interior  to  the  proximal  end.  The 
two  ends  were  trimmed  as  in  the  case  of  the  median,  and  4 cm.  of  the 
left  sciatic  of  the  dog  transplanted  between  the  ends,  as  previously 
described.  The  fascia  was  sutured  over  the  fragment  with  catgut  and 
the  incision  closed  in  the  same  manner  as  was  that  of  the  median.  A 
plain  sterilized  dressing  was  placed  over  the  wounds  and  arm,  and  the 
hand  placed  in  a posterior  splint,  the  fingers  being  extended  as  much 
as  possible  and  held  in  place  by  a bandage. 

The  day  following  the  operation  there  was  considerable  oozing,  and  the 
dressings  were  changed,  affording  an  opportunity  of  testing  the  anaes- 
thetic area  on  the  thumb.  The  other  fingers,  being  bandaged  and 
forcibly  extended  upon  the  splint,  were  not  disturbed,  and  therefore 
their  sensory  areas  were  not  tested.  The  test  on  the  thumb  was  made 
with  the  point  of  a pin,  the  patient’s  eyes  being  closed.  Comparison 
with  the  ansesthetic  area,  indicated  in  Fig  S,  according  to  tests  made 
before  the  operation,  showed  a distinct  return  of  the  sensation  over  the 
palmar  side  of  the  thumb  to  the  distal  end  of  the  first  phalanx. 

Three  days  after  the  operation  the  patient  left  the  hospital  and 
returned  to  Caledonia,  where  he  was  under  the  constant  medical  super- 
vision of  his  brother,  who  made  frequent  and  accurate  notes  of  his  con- 
dition. The  wound  was  dressed  for  the  second  time  on  October  27th, 
and  two  days  later  a third  time,  when  the  median  wound  showed  signs 
of  superficial  suppuration,  although  the  temperature  was  normal,  and  so 
remained. 

October  31st,  seven  days  after  operation,  fourth  dressing,  ulnar  wound 
healing  by  first  intention.  Several  stitches  over  the  median  have  given 
way.  Considerable  oozing  from  the  line  of  incision.  Splint  omitted 
and  fingers  forcibly  extended  without  much  difficulty  or  pain.  Sensa- 
tion : Detects  the  prick  of  a pin  ov’^er  the  palmar  surface  of  the  thumb 
as  far  forward  as  the  second  ])halanx.  Slight  irritation  of  this  area 
produces  prickling  sensation  of  the  hand,  extending  up  the  hand  and 
wrist  to  the  wound. 

November  1st.  Detects  the  prick  of  a pin  on  the  first  finger,  dorsal 
surface,  to  the  root  of  the  nail,  and  over  the  dorsal  surface  of  the  second 
finger  to  the  middle  of  the  second  phalanx. 

2d.  Ulnar  incision  healed  by  first  intention.  Slight  superficial  sup- 
puration in  the  median  incision.  Detects  the  prick  of  a pin  over  the 
entire  dorsal  surface  of  the  third  phalanx  of  the  second  finger. 

4f/i.  Detects  prick  of  pin  or  jiencil  over  the  dorsal  surface,  ])almar 
side,  of  the  hand  to  the  end  of  the  second  phalanx  of  little  finger,  and 
previously  ansesthetic  area  of  the  ulnar  side  of  the  third  finger  to  the 
end  of  the  second  phalanx.  The  hand  is  much  warmer  than  before  the 
operation. 

(Sth.  Sensation  over  the  whole  of  the  dorsal  surface  of  the  thumb 
to  the  nail  on  the  palmar  surface,  and  on  both  sides  of  the  thumb 
sensation  exists  to  within  2 cm.  of  the  end  of  the  thumb.  Sensation 
over  the  dorsal  surface  of  the  first  finger  to  the  nail  and  on  the  sides 
and  palmar  surface  to  the  end  of  the  first  phalanx.  Sensation  on  the 
dorsal  surface  of  the  second  finger  and  the  ulnar  side  of  the  second 
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finger  to  the  end  of  the  tliird  phalanx.  Over  the  correspondins:  area 
on  the  palmar  surface  of  the  same  finger  a pin-prick  could  be  detected 
to  the  end  of  the  second  phalanx.  There  was  no  sensation  on  the  ulnar 
side  of  the  palmar  surface  of  the  finger.  In  the  third  finger  sensation 
was  good  on  the  dorsal  end  of  the  first  phalanx.  On  the  dorsal  surface 
toward  the  second  finger  there  was  partial  sensation  to  the  end  of  the 
second  phalanx ; sensory  area  of  the  dorsal  surface  of  the  little  finger 
extended  to  the  end  of  the  second  phalanx.  No  difference  is  to  he 
noticed  in  sensation  when  a pin,  pencil,  or  electrical  curient  is  used. 
Ansesthetic  areas  of  the  hand  are  colder  than  the  sensory  areas.  No 
response  of  the  muscles  to  the  faradic  current. 

8th.  Area  in  the  palm  of  the  hand  which  was  distinctly  sensitive  to 
a pin-prick  at  a previous  examination  is  anaesthetic  to-day. 

9th.  Hand  has  a natural  color  on  the  dorsal  surface,  with  the  excep- 
tion of  the  third  phalanx  of  the  second,  third,  and  fouith  fingers.  Can 
almost  completely  extend  the  first  finger.  The  ulcers  have  healed. 
There  is  a decided  improvement  in  the  muscular  power  of  the  hand. 
Can  touch  the  dorsal  surface  of  the  second  knuckle  of  the  first  finger 
with  the  end  of  the  thumb.  Can  a])proximate  the  thumb  to  the  end  of 
the  second  finger  easily,  and  to  the  third  finger  with  some  difficulty. 
These  movements  were  hitherto  impossible.  Can  abduct  the  thumb 
more  daily.  Can  hold  a tin  wash-basin  between  the  thumb  and  fore- 
finger, while  before  the  operation  it  was  impossible  to  hold  as  light  an 
object  as  a lead-pencil.  Can  detect  degrees  of  heat  and  cold  with  the 
dorsal  surface  of  the  hand,  a match  flame  being  felt  at  a distance  of  two 
inches  and  heat  from  a stove  at  six  inches. 

The  hand  was  treated  daily  with  massage  and  electricity,  and  im- 
jrrovement  in  sensation  and  motion  was  very  satisfactory.  The  changes 
in  sensation  have  been  noted  on  the  charts. 

December  31, 1896.  There  is  a blister  1 cm.  in  diameter,  and  another 
one-quarter  as  large,  on  the  palmer  surface  of  the  third  phalanx  of  the 
first  finger.  The  skin  of  the  entire  hand  has  lost  its  shiny  look,  and 
appears  quite  normal.  The  fingers  have  lost  their  puffy  look.  The 
nails  are  growing  out  and  the  ridges  are  disappearing.  The  improve- 
ment in  the  muscular  power  is  very  marked.  The  tips  of  the  fingers 
can  be  clo.sed  into  the  palm.  Opposition  and  adduction  of  the  thumb 
improving,  although  adduction  is  impossible  without  flexion  of  the 
thumb.  Can  hold  a pencil  between  the  thumb  and  fingers  so  tightly 
as  to  require  considerable  force  to  withdraw  it  from  his  hand.  The 
first  finger  can  be  nearly  fully  extended  ; the  others  are  held  by  the 
contracted  flexor  tendons.  There  is  still  atroi>hy  of  the  interossei  and 
the  muscles  of  the  thenar  and  hypothenar  eminences,  although  these 
depressions  are  much  shallower  than  before  the  operation. 

Patient  left  Caledonia  for  Canada,  January  28,  1897.  He  was  satis- 
fied that  he  could  earn  his  living  by  manual  labor,  and,  Avith  the  excej)- 
tion  of  the  contraction  of  his  fingers,  claimed  his  hand  Avas  as  good  as 
ever.  His  grip  Avas  strong,  and  he  could  perform  such  tasks  as  chop- 
ping Avood.  Sensation  was  complete  over  the  entire  dorsal  surface  of 
the  hand  excepting  OAmr  the  third  jdialanges  of  the  second,  third,  and 
fourth  fingers.  The  only  remaining  anesthetic  areas  of  the  palmar  side 
of  the  hand  were  over  the  second  and  third  phalanges  of  the  third  and 
fourth  fingers  and  the  third  phalanx  of  the  second  finger. 

He  Avent  to  Avork  in  the  saAV-mill,  and  some  time  in  February,  1897, 
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unfortunately  froze  the  right  hand.  He  persisted  in  working,  however, 
and  one  week  later  again  froze  the  hand,  this  time  so  badly  that  the 
swelling  extended  half-way  to  the  shoulder.  Five  months  later  the 
hand  had  practically  returned  to  its  condition  at  the  time  of  the  frost- 
bite, with  the  exception  of  the  extremities  of  the  first  and  third  fingers, 
where  there  were  sinuses  continually  discharging  pus.  There  was  also 
loss  of  sensation  over  the  last  phalanx  of  the  first  finger,  although  this 
area  had  become  sensory  after  the  operation.  Eight  months  after  the 
frostbite  the  distal  phalanx  of  the  first  finger  was  amputated  and  also 


the  second  and  third  phalanges  of 
wounds  healing  well. 


Fig.  5. 


the  third  finger,  the  amputation 


Fig.  6. 


The  condition  of  the  hand  on  January  1,  1898,  was  as  follows : Sen- 
sation is  complete  in  the  hand,  except  a small  area  between  the  last  joint 
and  the  nail  on  the  dorsal  surface  of  the  second  and  little  fingers.  The 
jialmar  surface  of  the  hand  and  fingers  is  sensitive  to  the  slightest  touch 
with  a feather.  Sensation  of  heat  and  cold  as  good  as  ever.  Some 
atrophy  of  interossei  and  muscles  making  up  the  thenar  and  hypo- 
thenar  eminences.  Motion  of  the  hand  good  and  strong.  From  lack 
of  exercise  of  the  hand  resulting  from  frostbite  there  was  increased 
contraction  of  the  flexor  tendons,  especially  those  of  the  little  finger. 
Cannot  adduct  or  abduct  the  thumb ; neither  can  the  fingers  be  sepa- 
rated or  brought  together. 

Under  date  of  April  21, 1898,  the  patient  writes  : “ INIy  hand  is  good 
and  strong,  but  my  second  finger  is  bothering  me  the  same  as  the  other 
two  did.  The  hand  is  not  filling  out  between  the  fingers.  Sensation  is 
good  in  the  whole  hand  and  fingers,  except  the  dorsal  surface  of  the 
second  finger  to  the  first  joint.  The  end  of  the  finger  continues  sore. 
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and  may  have  to  have  it  amputated  as  far  as  the  first  joint.  I am 
hard  at  work  every  day.” 

Fig.  1 was  taken  before  and  Fig.  2 after  the  operation.  The  changes 
in  sensation  have  been  outlined  in  Figs.  3 to  8.  Sensation  was  tested 
by  means  of  a pin-prick.  Careful  comparison  of  the  notes  of  change 
of  sensation  after  the  operation  and  the  charted  areas  will  show  varia- 
tions of  the  sensory  areas,  a part  sensory  at  one  time  becoming  ana3s- 
thetic  at  a subsequent  date.  This  “vacillating  sensation”  will  be 
considered  later  on. 

Fig.  7.  Fig.  8. 


]\Iicroscopical  Examination  by  Dr.  G.  Carl  Huber  of  Segments  of  the 
Median  and  Ulnar  Nerves  Removed  at  the  Time  of  the  Operation.  The 
segments  removed  from  the  median  and  ulnar  nerve  at  the  time  of  the 
operation  (the  size  and  shajie  of  which  may  be  ascertained  in  Fig.  9) 
were  sent  me  in  Muller’s  fluid.  After  thorough  hardening  in  this 
solution  and  dehydration  in  alcohol  the  tissues  w’ere  prepared  for  par- 
affin embedding  by  cutting  them  into  several  smaller  pieces.  The  man- 
ner of  their  subdivision  may  perhaps  be  shown  best  by  means  of  the 
accompanying  Fig.  10,  where  c and  jp,  respectively,  are  used  to  desig- 
nate the  central  and  peripheral  end  of  Med  (median  segment)  and  Ul 
(ulnar  segment) ; nb,  the  nerve-bulbs  of  median  and  ulnar  central 
ends;  pm,  peripheral  median,  and  t,  a portion  of  the  forearm  tendon 
to  which  the  ulnar  was  attached  ; c,  a connective-tissue  bundle  uniting 
the  bulbs  on  the  peripheral  end  of  the  central  median  stump  {nJ>  in 
Med  of  figure)  to  the  central  end  of  peripheral  median  {pm,  of  figure), 
and  the  bulbs  on  the  peripheral  end  of  the  central  ulnar  {nb  in  Ul  of 
figure)  to  the  tendon.  The  lines  in  Fig.  10  indicate  the  position  and 
directions  of  the  sections  by  means  of  which  the  segment  removed  from 
the  median  nerve  was  divided  into  five  smaller  pieces,  the  segment  from 
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the’ulnar  into  four  pieces.  The  pieces  thus  obtained  were  embedded  in 
paraffin  and  sectioned,  the  sections  varying  from  8 to  15  in  thick- 
ness. It  may  readily  be  seen  that  in  this  way  cross-sections  of  the 
central  end  of  the  median  and  ulnar  segment,  as  also  cross-sections  of 
the  peripheral  median  and  the  tendon  attached  to  the  ulnar  (a,  6,  and 
d,  of  Fig.  10),  and  longitudinal  section  of  the  tissue  between  these 
respective  cross-sections  were  obtained. 


Fig.  9 


Fig.  10. 


A 


1 


A.  Ulnar  nerve.  1.  Proximal  end";  2, 
tendon.  B.  Median  nerve.  1.  Proximal 
end  ; 2,  distal  end. 


Median  and  ulnar  segments,  showing  division 
into  smaller  pieces,  as  mentioned  in  the  text. 


The  sections  thus  obtained  were  fixed  to  cover-glasses,  the  paraffin 
removed,  and  representative  sections  from  each  of  the  several  pieces, 
obtained  as  above  described,  were  stained  after  the  following  methods  : 

1.  Htematoxylin,  counter-stained  with  eosin. 

2.  Htematoxylin,  counter-stained  with  picric-fuchsin. 

3.  Stroebe’s  anilin-blue-saffranin  method  for  bringing  to  view  the 
axis  cylinders.  For  some  unexplainable  reason  the  sections  stained  in 
this  way  did  not  show  with  the  usual  clearness  the  axis-cylinder  differ- 
entiation ; with  care,  however,  they  could  be  distinguished  from  the 
surrounding  tissue  when  the  oil  immersion  was  employed. 

4.  Weigert’s  hsematoxylin  stain  as  modified  by  Benda.  It  was  found 
that  this  method  could  be  used  on  sections  cut  in  paraffin,  the  myelin 
staining  in  the  well-known  blue-black  color.  The  paraffin  sections,  after 
fixation  to  the  cover-glasses  and  removal  of  the  paraffin,  were  placed 
from  four  to  five  days  in  ]\Iuller’s  fluid  ; were  then  impregnated  with 
the  iron  salt  (liq.  ferri  tersulphatis  one  part,  to  two  parts  of  distilled 
water)  for  twenty-four  hours,  stained  in  1 per  cent,  aqueous  solution  of 
luematoxylin  for  forty-eight  hours,  bleached  in  a i per  cent,  solution 
of  permanganate  of  potassium,  and  finally  in  a 10  per  cent,  solution  of 
hydric  sulphite,  washed  in  water,  dehydrated,  cleared  in  xylol,  and 
mounted  in  balsam.  By  the  use  of  these  several  staining  methods  the 
general  structure  of  the  tissues  was  studied  to  some  extent,  and  the 
development  of  new  axis-cylinders  and  the  myelation  of  the  new  fibres 
and  the  myelin  of  the  old  fibres  were  brought  to  view. 

Microscopical  Appearance  of  Sections  made  from  the  Segment  Removed 
from  the  Median. 

Cross-sections  of  the  central  portion  of  the  median  segment  (a,  of  Fig. 
10)  show  in  all  essentials  the  structure  of  a normal  nerve-trunk,  with  this 
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exception — the  nerve  funiculi  are  separated  by  a larger  amount  and  by 
a more  dense  fibrous  tissue — epineurium — than  is  the  case  in  a normal 
nerve-trunk.  The  nerve-fibres  in  the  funiculi  present  nothing  worthy 
of  special  mention,  showing  in  alt  essentials  the  structure  of  a normal 
nerve-fibre.  Cross-section  through  the  bulk  of  the  central  median  (b, 
of  Fig.  10)  present,  however,  an  entirely  different  appearance.  One  such 
section  is  rej)roduced  in  Fig.  11.  As  may  be  seen  from  this  figure,  one 

Fig.  11. 


Cross-section  of  bulb  on  the  peripheral  end  of  the  central  median  stump.  Magnified 
twenty  times ; reduced  about  one-half.  a.  Normal  nerve  funiculi,  h.  Bulb-tissue,  c.  Nerve 
funiculi  consisting  of  new  nerve-fibres  cut  obliquely. 

side  of  the  section  showed  a number  of  normal  nerve  funiculi  (a),  each 
surrounded  by  epineurial  sheath  and  separated  liy  a rather  dense 
epineurium.  The  greater  portion  of  the  section  presents,  liowever,  a 
very  characteristic  structure — one  which  may  be  referred  to  a.s  the 
structure  of  a nerve-bulb.  In  its  most  characteristic  appearance  (see 
h,  of  Fig.  11,  and  more  highly  magnified  in  Fig.  12)  it  presents  a loose 
areolar  connective  tissue,  in  the  meshes  of  which  are  seen  small  nerve- 
bundles,  consisting  of  from  two  to  ten  and  now  and  then  as  many  as 
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sixteen  to  eighteen  small  nerve-fibres,  which  have  a more  or  less  irregu- 
lar wavy,  tortuous,  or  spiral  course,  the  individual  nerve-fibres  in  these 
small  bundles  being  often  separated  by  a few  connective-tissue  fibres. 

These  small  fibres  consist  of  an  axis-cylinder,  and  the  majority  of 
them  have  a very  thin  layer  of  myelin,  and  are  beset  with  numerous 
nuclei ; in  short,  they  present  the  appearances  of  newly  formed  medul- 
lated  fibres. 


Fig.  12, 


Bulb-tissue  magnified  about  900  diameters. 


In  a section  passing  through  a funiculus  of  the  nerve-trunk,  central 
to  the  bulb,  it  may  be  seen  that  in  that  portion  of  the  nerve  funiculus 
which  did  not  undergo  degeneration  the  nerve-fibres  are  parallel  and 
present  essentially  the  structure  of  normal  nerve-fibres.  On  reaching 
the  beginning  of  the  bulb-tissue  the  nerve-fibres  assume  the  character 
of  newly  formed  nerve-fibres  (very  small  nerve-fibres,  with  only  a thin 
layer  of  myelin  and  many  nuclei) ; at  the  same  time  these  smaller  fibres 
begin  to  spread  out  fan-shajied,  and  sooner  or  later  break  up  into  small 
bundles,  which  are  no  longer  parallel,  but  may  be  seen  twining  their 
way  between  the  connective-tissue  bundles  of  the  bulb.  Oftentimes 
large  bundles  are  defiected  from  their  course,  as  may  be  seen  in  the 
cross-section  presented  in  Fig.  11,  where  at  c such  bundles  are  cut 
obliquely  and  longitudinally. 

Peripheral  Median.  Cross-sections  of  the  central  end  of  the  periph- 
eral median  present  the  following  appearances : The  nerve  funiculi  are 
separated  by  a relatively  large  amount  of  fibrous  connective  tissue 
which  is  much  denser  tlian  the  epineurium  of  a normal  nerve-trunk. 
In  preparations  stained  with  hajinatoxylin  and  eosin  or  picric  fuchsin 
all  the  nerve-fibres  constituting  these  funiculi  present  the  appear- 
ances of  completely  degenerated  nerve-fibres — that  is  to  say,  col- 
lapsed sheaths  of  Hchwann  containing  a small  amount  of  the  nucle- 
ated protoplasm.  When,  however,  such  cross-sections  are  stained  in 
Weigert’s  hiematoxylin  it  may  be  seen  that  here  and  there  among  the 
degenerated  fibres  some  regenerated  fibres,  with  a very  thin  sheath  of 
myelin,  are  to  be  found.  1 have  represented  in  Fig.  13  a nerve  funiculus 
sketch  from  a cross-section  of  the  peripheral  median  stained  in  Weigert’s 
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h;ematoxylin.  In  this  figure  only  the  medullatecl  nerves  are  regenerated. 
The  sketch  was  made  with  the  aid  of  the  camera  lucida,  and  shows  not 
only  the  number  and  arrangement  of  these  small,  mediillated  fibres,  but 
also  shows  that  while  many  are  cut  crosswise,  others  are  cut  obliquely, 
showing  that  some  of  these  regenerated  fibres  in  the  peripheral  median 
have  an  irregular  course  and  are  winding  their  way  along  paths  of 
least  resistance.  In  cross-sections  of  the  peripheral  median  stained 
after  the  Stroebe  method,  here  and  there  a small  axis-cylinder  may  be 
made  out.  These  sections  show,  therefore,  that  in  the  peripheral  median 
a certain  number  of  regenerated  fibres  are  to  be  found  among  the  com- 
pletely degenerated  nerve-fibres. 


Fig.  13. 


Cross-section  of  a funiculis  of  the  peripheral  median,  stained  in  Weigert’s  hsematoxylin. 

Only  the  medullated  fibres  are  shown.  Magnified  about  250  diameters. 

Longitudinal  sections  of  the  median  segment  (made  as  above  de- 
scribed) present  appearances  worthy  of  more  especial  consideration. 
Reference  has  above  been  made  to  the  structure  of  the  perijiheral  and 
of  the  central  median,  namely,  the  nerve-bulb,  consisting  of  newly 
formed  nerve-fibres,  many  of  which  had  a thin  sheath  of  myelin 
grouped  into  small  bundles  and  separated  by  an  areolar  connective 
tissue.  Between  this  nerve-bulb  and  the  peripheral  median  there  is 
found  a dense  fibrous  tissue  (c,  in  Fig.  10).  Into  this  connective  tissue 
could  be  traced  from  the  nerve-bulb  small  medullated  nerve-fibres,  well 
shown  in  Weigert’s  stained  sections.  They  were  found  here  and  there 
in  this  ti.ssue,  either  as  single  fibres  or  as  small  bundles  of  fibres,  which 
could  be  traced  into  the  perijiheral  median  stump;  and,  while  it  was 
not  possible  in  any  one  longitudinal  section  to  trace  a single  newly 
formed  medullated  fibre,  or  a small  bundle  of  such  fibres,  from  the 
nerve-bulb  on  the  peripheral  end  of  the  central  median  stump  through 
the  connective  ti.ssue  intervening  between  it  and  the  central  end  of  the 
peripheral  median  and  into  the  peripheral  median,  owing  to  the  fact 
that  these  small  medullated  fibres  do  not  follow  a straight  course,  be- 
cause they  are  compelled  to  wind  their  way  through  the  organizing 
connective  tissue,  taking  in  this  paths  of  least  resistance  between  con- 
nective-tissue bundles,  this  would  not  go  to  show  that  the  fibres  found 
in  the  peripheral  median  did  not  grow  into  it  from  the  central  stump. 
Their  arrangement  in  these  longitudinal  sections  suggests  this  down- 
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growth  very  strongly,  and  may  be  interpreted  as  showing  that  some  of 
the  budding  axis-cylinder  processes  of  the  central  end  had  developed 
far  enough  toward  the  peripheral  median  to  be  able  to  grow  through 
the  connective  tissue  forming  between  the  central  and  peripheral  por- 
tion of  the  divided  median,  and  thus  reach  the  peripheral  median. 
How  far  down  in  the  peripheral  median  such  fibres  had  grown  at  the 
time  of  the  operation  can  only  be  conjectured. 

Ulnar.  The  study  of  the  .segment  removed  from  the  ulnar  loses  in 
interest  owing  to  the  fact  that  the  central  end  of  the  peripheral  ulnar 
was  lost  at  the  time  of  the  operation.  As  has  been  previously  stated, 
the  peripheral  end  of  the  central  ulnar  segment  was,  at  the  time  of  the 
operation,  found  united  to  one  of  the  forearm  tendons,  to  which  it  seems 
to  have  been  sutured  at  the  time  of  the  injury.  Tiie  segment  of  the 
ulnar  sent  me  for  examination  consisted,  therefore,  of  the  peripheral 
portion  of  the  central  ulnar  stump,  firmly  united  by  fibrous  tissue  to  a 
short  segment  of  tendon.  Cross-sections  of  the  central  end  of  the  ulnar 
segment  {a,  of  Fig.  10)  presented  appearances  very  similar  to  that  de- 
scribed for  the  central  median  segment  and  shown  in  Fig.  11,  and  need, 
therefore,  no  further  description.  Cross-section  of  the  peripheral  por- 
tion of  the  segment  removed  from  tlie  ulnar  (e,  of  Fig.  10)  shows,  for 
reasous  above  given,  the  structure  of  the  tendon.  Longitudinal  sec- 
tions of  the  ulnar  segment  (along  the  line  shown  in  Fig.  10)  show  the 
ulnar  ending  in  a large  nerve-bulb,  which  was  intimately  united  to  the 
tendon  by  means  of  fibrous  tissue.  In  none  of  these  sections  was  I 
able  to  trace  any  newly  formed  nerve-fibres  beyond  the  nerve-bulb,  the 
dense  structure  of  the  tendon  to  which  the  ulnar  was  probably  sutured 
at  the  time  of  the  injury  preventing  the  downgrowth  of  the  axis-cylin- 
ders from  the  central  ulnar  stump. 

Microscopical  Examination  of  Amputated  Fingers  {hy  Dr.  G.  Carl  Huber). 
The  tips  of  the  two  fingers,  the  third  phalanx  of  the  first  finger,  and 
the  second  and  third  phalanges  of  the  third  finger  were  sent  me  in  alco- 
hol. Pieces  from  various  places  in  the  amputated  fingers  were  embedded 
in  paraffin,  sectioned,  and  the  sections  fixed  to  cover-glasses  and  stained 
in  haematoxylin  and  eosin-heematoxylin  and  Van  Gieseu’s  picric  acid, 
acid  fuchsin  solution,  hiematoxylin,  and  orange  G.  Attempt  vvas  also 
made  to  stain  them  after  Weigert’s  hsematoxylin  method  and  some  of 
the  methods  for  differentiating  the  axis-cylinders  in  the  nerve-fibres ; 
but,  owing  to  the  fact  that  the  tissues  were  hardened  in  alcohol  and 
not  in  a chrome  salt,  these  latter  methods  did  not  prove  satisfactory. 

In  sections  prepared  after  the  above  methods  it  may  be  seen  that  the 
tissues  other  than  the  nerve-fibres  and  end-organs  to  be  mentioned,  pre- 
sent, as  far  as  may  be  determined,  a normal  structure.  Epidermis  and 
sweat-glands  arc  all  normal,  as  is  also  the  dermis.  Yellow  elastic  tissue, 
as  shown  by  the  orcein  method,  is  normal  in  amount  and  distribution. 
The  great  majority  of  the  vessels  present  no  deviation  from  the  normal 
structure,  with  the  exception  of  one  of  the  digital  arteries  found  in  the 
volar  side  of  the  third  finger.  This  vessel,  as  seen  in  cross-section,  jire- 
sents  on  one  side  a very  much  thickened  subendothelial  coat.  The 
nerve-trunks,  both  palmar  and  dorsal,  as  also  the  smaller  branches 
here  and  there  met  with,  present  at  first  sight  the  appearance  of  com- 
{iletely  degenerated  nerves.  The  ejnneurial  tissue  is  thicker  and  denser 
than  in  a normal  nerve  of  the  'ame  size.  The  same  is  true  of  the  peri- 
ueurium  surrounding  the  several  funiculi.  The  structure  of  the  nerve- 
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fibres  is  most  clearly  seen  in  a number  of  small  branches  cut  obliquely 
in  for  a short  distance  longitudinally.  In  these  sections  it  may  be  seen 
that  such  degenerated  fibres  consist  of  a very  small  amount  of  homo- 
geneous protoplasm  in  the  form  of  a thread  or  very  delicate  band  sur- 
rounded by  a very  delicate  sheath.  In  the  course  of  these  fibres,  rod- 
shaped or  spindle-shaped  nuclei  are  met  with  at  intervals  of  about  75 
to  100  m.  In  cross-sections  such  degenerated  fibres  present  the  appear- 
ance of  a very  small  tube  filled  with  a homogeneous  substance.  They 
are  separated  in  the  funiculus  by  a small  amount  of  fibrous  connective 
tissue.  Among  the  degenerated  fibres  a few  somewhat  larger  fibres 
are  met  with  which  measure  about  5 m.  in  diameter.  These  fibres  con- 
sist of  a delicate  sheath  filled  with  a Iiomogeneous  substance.  Sections 
were  stained  after  the  Weigert  hajmatoxylin  method  a.s  modified  by 
Benda,  in  order  to  determine  whether  these  larger  fibres  possessed  a 
medullary  sheath.  In  none  of  the  sections  made  were  medullary  fibres 
found.  Neither  was  I able  to  make  out  with  any  degree  of  certainty 
an  axis-cylinder  in  any  of  the  larger  or  smaller  fibres.  In  qualifica- 
tion of  the  above  statements  it  should  be  stated  that  as  these  tissues 
were  hardened  in  alcohol,  and  not  in  one  of  the  chrome  salts,  it  is  very 
probable  that  neither  the  Weigert  method  nor  the  special  methods  for 
staining  the  axis-cylinder  were  of  any  value  in  determining  whether  a 
medullary  sheath  was  present  or  absent  in  the  nerv'es  examined.  Nega- 
tive residts  where  these  methods  cannot  be  followed  are  of  very  little 
value.  jMention  may  be  made  of  the  appearances  of  a number  of  Pac- 
cinian  bodies  seen  in  the  sections.  These  nerve-endings  were  normal  in 
structure  except  that  no  nerve-fibres  could  be  made  out  in  the  core. 

While  it  is  not  within  the  scope  of  this  paper  to  discuss  exhaustively 
the  different  views  which  have  been  advanced  in  explanation  of  the 
process  of  regeneration  of  peripheral  nerves,  in  order  to  interpret  in- 
telligently the  various  phenomena  presented  by  the  case  under  consid- 
eration, it  will  be  necessary  to  state  briefly  the  main  theories  entertained 
regarding  the  manner  of  the  regeneration  of  a divided  nerve.  I would 
refer  those  desiring  a more  exhaustive  discussion  of  the  subject  to  a 
recent  article  by  Kennedy,'  whose  bibliography  is  quite  complete. 

In  the  article  referred  to,  Kennedy  divides  the  views  of  the  histologic 
process  of  regeneration  into  two  groups  : 

1.  The  view  established  by  Ranvier,"^  and  closely  coinciding  with  that 
of  Waller,  that  the  peripheral  segment  of  the  nerve  takes  no  part  in 
the  process  of  regeneration,  but  that  the  latter  is  effected  entirely  by 
growth  of  the  new  axis-cylindei’s  from  those  of  the  central  end  of  the 
nerve,  the  peripheral  segment  acting  merely  as  a guide  or  growth  to 
the  end-organs.  This  view  is  widely  accepted,  and  is  supported  by  the 
histogenetic  researches  of  Kdlliker*  and  His.*®'  It  has  been  recently 
supported  by  Howell  and  Huber,*  Stroebe*  and  Notthafft,'®  who,  how- 
ever, find  that  the  envelopes  of  the  axis-cylinders  are  supplied  from 
elements  in  the  peripheral  segment. 

2.  The  view  that  the  new  fibres  are  derived  from  elements  in  the 
distal  segment,  and  that  the  young  fibres  thus  formed  become  attached 
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to  the  fibres  of  the  central  end,  and  thus  restore  conductivity.  Re- 
cently Bunger  “ has  adopted  this  view,  and  holds  that  the  young  fibres 
are  derived  from  the  protoplasm  and  nuclei  of  the  interannular  seg- 
ments. These  form  spindle-cells  which  unite  end  to  end  and  foi*m 
protoplasmic  threads,  which  soon  show  longitudinal  striation,  the  begin- 
ning of  the  axis-cylinder.  The  new  myelin  sheath  is  formed  from  the 
outer  layer  of  the  young  fibres  and  also  partially  by  absorption  of  the 
old  myelin.  The  old  sheath  of  Schwann  disappears  and  the  new  is 
derived  from  the  endoneurial  tissue.  The  nuclei  of  the  new  sheath  of 
Schwann  are  the  direct  descendants  of  the  nuclei  of  the  old,  and  have 
clearly  the  value  of  neuroblasts.  This  view  coincides  with  the  histo- 
genetic  researches  of  Balfour''  and  Milnes  Marshall.” 

According  to  the  first  view,  every  nerve-trunk,  when  divided,  under- 
goes certain  characteristic  degenerative  changes,  consisting  of  segmen- 
tation of  the  myelin  and  axis-cylinder,  a proliferation  by  means  of  a 
mitotic  cell  division  of  the  interannular  nuclei  and  the  protoplasm  sur- 
rounding these  nuclei.  Concurrent  with  the  segmentation  of  myelin 
and  axis-cylinder  there  goes  on  an  absorption  of  the  resulting  frag- 
ments. As  a result  of  these  changes  there  remain  only  the  collapsed 
sheaths  of  Schwann,  containing  a narrow  band  of  nucleated  protoplasm. 
These  degenerative  changes  occur  in  the  entire  portion  of  every  divided 
nerve-trunk,  no  matter  how  quickly  or  how  accurately  the  divided  ends 
are  coapted. 

The  peripheral  end  of  the  central  portion  of  the  divided  nerve  under- 
goes the  same  degenerative  changes  to  the  extent  of  about  J to  1^  cm., 
depending  somewhat  on  the  nature  of  the  injury.  Following  immedi- 
ately on  these  degenerative  changes,  regenerative  changes  begin  to  make 
their  appearance.  This  regeneration  of  the  divided  nerve  takes  place 
fi'om  the  central  undegenerated  end  as  outgrowths  from  the  undegeu- 
erated  young  axis-cylinders.  If  the  mechanical  conditions  be  favorable, 
the  peripheral  degenerated  portion  of  the  nerve  is  subject  to  regenera- 
tion. In  case  the  injured  nerve  is  sutured  soon  after  severance  of  its 
continuity,  or  when,  from  the  nature  and  position  of  the  injury,  the 
ends  of  the  divided  nerve  do  not  contract  much,  embryonic  connective 
tissue  developing  between  the  severed  ends  forms  only  a relatively 
unimportant  layer  through  which  the  down-growing  axis-cylinder  may 
penetrate  and  finally  reach  the  degenerated  distal  nerve-trunk.  If  the 
embryonic  connective  tissue  be  for  any  reason  denser,  the  small  bundles 
of  down-growing  axis-cylinders  meet  with  resistance  in  their  attempt  to 
reach  the  peripheral  end  of  the  divided  nerve,  become  tortuous  and 
deflected  upon  themselves,  and  the  so-called  bulb-tissue  is  formed. 

Transplantation  of  a perijfiieral  nerve  between  the  ends  of  a divided 
nerve  is  a surgical  attempt  to  prevent  the  formation  of  dense  connective 
tissue  and  to  provide  a path  of  least  resistance  for  the  down-growing 
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young  axis-cylinders.  The  microscopical  researches  of  Hiiber'“  tend  to 
prove  that  a transplanted  nerve  is  superior  to  catgut  strands  (Assaky’®) 
or  tubular  sutures  (Vanlair’'')  as  a path  for  the  down-growth  of  the 
axis-cylinders. 

Necessarily  these  conclusions  were  arrived  at  from  entirely  experi- 
mental studies.  Whether  they  will  apply  as  well  to  the  human  subject 
can  be  determined  only  by  a careful  study  of  a considerable  number  of 
cases  of  nerve  transplantation.  From  the  favorable  result  obtained  in 
the  present  case,  and  from  a (Consideration  of  nineteen  additional  cases 
of  nerve  transplantation  I have  been  able  to  collect,  I believe  that 
the  operation  has  a distinct  place  in  surgery. 

A consideration  of  the  changes  in  sensation  and  motion  following  the 
operation  in  the  case  just  reported  reveals  many  interesting  phenomena. 
The  first  return  of  sensation  in  a previously  anaesthetic  area  was  noted 
within  twenty-four  hours  after  the  operation,  sensation  being  tested  on 
the  thumb  by  a pin.  Tests  made  in  this  way  are  not  open  to  the  objec- 
tion of  those  made  with  a blunt  object,  for  by  the  latter  method,  as 
pointed  out  by  Letievant,'*  impact  against  the  anaesthetic  area  may  be 
carried  to  sound  papillae  and  carried  upward  by  other  nerves.  This 
rapid  return  of  sensation  is  not  an  uncommon  occurrence,  as  recorded 
cases  of  nerve  section  and  suture  reveal.  As  it  is  generally  conceded  that 
the  transplanted  nerve  segment  degenerates,  as  does  any  other  resected 
nerve,  only  more  rapidly,  it  is  contrary  to  all  biologic  law  to  suppose 
that  sensation  is  so  quickly  conveyed  over  this  bridge  of  foreign  tissue. 
Yet  this  rapid  return  of  sensation  is  advanced  as  an  argument  by  those 
who  claim  that  the  fibres  originate  in  the  peripheral  end  from  the  sheath 
of  Schwann.  Thus  Kennedy,*  in  speaking  of  the  rapid  return  of  sensa- 
tion after  operation,  says : 

“ Cases  in  which  sensation  remains  totally  lost  before  operation  aTul 
long  after  date  of  section  of  the  nerve,  but  returns  in  a few  days  after 
the  operation,  cannot  be  explained  on  the  theories  mentioned  (slow 
process  of  regeneration  from  the  central  end),  and  must  indicate  a 
reunion  of  the  nerve  and  re-establishment  of  conductivity.” 

That  there  is  fallacy  in  this  reasoning  is  seen  by  such  cases  as  the 
one  reported  by  Vucetic,'“  in  which  there  was  great  improvement  in 
sensation  and  some  in  motility  si.x  hours  after  1.54  cm.  of  the  right 
median  nerve  were  excised  and  the  resected  ends  not  brought  together. 
There  certainly  was  no  question  of  the  re-establishment  of  conductivity 
in  this  case;  yet  the  sensation  returned  in  the  previously  ansesthetic 
area.  These  facts  would  lead  us  to  suppose  that  Yanlair”  and  others 
are  right  when  they  contend  that  rapid  return  of  sensation  after  nerve 
section  or  a secondary  operation  must  be  due  to  anastomosing  nerve- 
fibres  or  to  supplementary  supply.  It  is  probably  not  true  that  a single 
area  of  skin  is  supplied  by  one  nerve  alone.  A number  of  facts  would 
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tend  to  show  that  there  is  a rich  microscopical  collateral  nerve-supply 
which,  under  normal  conditions,  is  not  called  into  action,  but  under  other 
conditions  may  alone  be  the  carriers  of  sensation.  The  case  of  Richet,''® 
where  there  was  entire  division  of  the  median  and  no  loss  of  sensation 
in  its  territory,  and  that  of  Letievant,'®  who  found,  a month  after  the 
injury,  no  loss  of  sensation  following  division  of  the  median  and  ulnar, 
show  that  the  accepted  distinction  of  motor  and  sensory  nerves  is  not 
always  constant.  Weir  Mitchelh*  has  recorded  a number  of  similar 
cases,  among  them  the  remai’kable  case  of  Nott,  “who  removed  a large 
cyst  from  the  flexor  surface  of  the  forearm,  and  with  this  tumor  flve 
inches  of  the  median  nerve,  and  yet  the  function  usually  assigned  to  this 
nerve  was  not  interfered  with  in  the  slightest  degree.” 

If,  then,  there  be  nerve-tracts  to  a given  area  other  than  those  whose 
conductivity  has  been  destroyed,  why  do  not  these  tracts  functionate  at 
the  time  of  the  nerve  section  ? It  would  seem  as  if  irritation  of  the 
nerve  at  the  point  of  lesion,  and  its  consequent  inhibitory  action 
through  the  agency  of  the  spinal  cord  on  other  peripheral  nerve-fibres, 
must  play  an  important  causative  part  in  the  production  of  the  phe- 
nomena. Experimentally,  this  inhibitory  action  of  an  irritated  nerve 
has  been  shown  to  exist.  Hence  it  seems  perfectly  plausible  that  the 
same  effect  may  be  produced  by  an  injury  to  a peripheral  nerve.  This 
irritative  inhibitory  influence  will  continue  in  most  cases,  and  distinct 
ansesthetic  areas  will  be  the  result.  The  irritation  being  relieved  by 
operation  and  the  inhibitory  influence  removed,  sensation  conveyed 
through  other  tracts  is  the  immediate  result.  In  some  such  way  as 
this  must  the  early  return  of  sensation  be  explained. 

A study  of  Figs.  3 to  8 shows  that  from  October  17th  to  Novem- 
ber 8th,  a period  of  twenty-two  days,  the  return  of  sensation  was 
relatively  more  rapid  on  the  dorsal  surface  of  the  hand  and  in  the 
neighborhood  of  parts  supplied  by  the  radial.  On  the  palmar  sur- 
face it  will  be  seen  that  the  return  is  much  greater  on  the  outer  side 
of  the  hand  in  close  proximity  to  fibres  of  the  radial  than  on  the  ulnar 
side.  This  period — twenty-two  days — is  evidently  too  short  for  return 
of  sensation  from  the  down-growth  of  axis-cylinders,  and  must  be 
explained  by  transmission  of  sensation  through  other  tracts,  the  inhibi- 
tory influences  of  the  irritated  central  nerve-ends  having  been  removed 
by  the  operation.  In  the  next  period,  however,  from  November  8th  to 
November  29th,  twenty-one  days,  we  see  a relatively  greater  progress 
in  sensation  on  the  ulnar  side  of  the  palmar  surface  of  the  hand.  This 
may  be  due  partially  to  the  down-growth  of  axis-cylinders  and  par- 
tially to  collateral  nerve-supply.  How  much  is  to  be  ascribed  to  each 
it  is  impossible  to  say.  The  increase  of  sensation  on  the  dorsal  surface 
of  the  hand  during  this  period  is  very  slight,  and  the  axis-cylinders 
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evidently  have  not  reached  the  anaesthetic  areas  in  their  downward 
growth. 

In  the  third  period — November  29th  to  December  31st,  thirty-two 
days — the  progress  of  sensation  on  both  palmar  and  dorsal  surfaces  has 
been  relatively  much  slower  than  during  the  first  two  periods.  This 
corresponds  with  the  facts  noted  in  other  cases  I have  critically  reviewed. 

It  is  very  graphically  shown  by  the  charts  that  the  improvement  in 
sensation  is  toward  the  finger-tips,  and  it  may  be  noted  in  passing  that 
this  is  an  argument  in  favor  of  regeneration  from  the  central  and  not 
the  peripheral  end.  If  regeneration  of  the  axis-cylinders  arises  from 
the  sheath  of  Schwann,  and  maturation  of  the  fibres  is  completed  when 
the  central  and  peripheral  ends  are  united,  the  new  fibre  should  func- 
tionate throughout  its  entire  length  at  the  same  time,  which  is  not  the 
case. 

Particular  attention  is  called  to  variations  in  sensation  occurring 
during  very  short  periods  of  time.  For  example,  it  is  noted  on  No- 
vember 8th  that  a previously  sensory  area  in  the  palm  was  on  that 
date  anaesthetic.  A number  of  other  instances  can  be  found  by  care- 
fully comparing  the  notes  with  the  charts.  The  explanation  of  this 
“ vacillating  sensation  ” may  lie  in  the  changes  in  nutrition  occurring  in 
the  cells  surrounding  the  nerve-endings.  This  has  been  shown  repeat- 
edly in  physiological  experiments  where  changes  of  nutrition  in  a muscle 
will  produce  the  greatest  variabilities  in  sensation.  For  the  same  rea- 
sons variations  in  muscular  power  may  be  expected,  and  while  none 
were  noted  in  the  present  case.  Dr.  Ferguson  informs  me  that  varia- 
tions in  the  motor  power  were  very  marked  in  his  case  of  nerve  trans- 
plantation. 

While  the  nutrition  of  the  hand  improved  rapidly  after  the  opera- 
tion, it  was  by  no  means  normal  at  the  time  the  patient  left  this  coun- 
try to  resume  his  work  in  Canada,  and  the  freezing  of  the  hand  and 
subsequent  amputation  of  two  fingers  were  the  result.  This  was  unfor- 
tunate, as  undoubteldy  he  eventually  would  have  recovered  sensation 
in  the  entire  hand. 

The  improvement  in  motility  is  also  very  interesting.  The  saw  cut, 
it  will  be  remembered,  was  just  above  the  wrist  and  below  the  muscular 
branches  of  the  median,  given  off  to  all  the  long  flexors  of  the  forearm, 
except  the  flexor  carpi  ulnaris  and  half  the  flexor  profundus  digitorum, 
which  are  supplied  by  the  ulnar.  Hence  the  motor  supply  to  these 
muscles  was  not  interfered  with,  although  the  movements  were  not  free, 
owing  to  the  injury  to  the  flexor  tendons.  The  actions  of  the  extensor 
muscles  were  not  interfered  with.  There  was  complete  paralysis  of  the 
small  muscles  of  the  hand  supplied  by  the  median  and  ulnar  nerves. 

The  flrst  improvement  in  motion  is  noted  as  occurring  between  two 
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and  three  weeks  after  the  operation.  At  this  time  the  patient  was  able 
to  hold  a tin  wash-basin  between  the  thumb  and  forefinger,  although 
before  operation  it  had  been  impossible  to  hold  a lead-pencil  between 
the  same  fingers.  Opposition  and  adduction  of  the  thumb  is  also  noted 
as  improving.  This  improvement  in  motion  is  more  than  can  be 
explained  by  the  freeing  of  the  flexor  tendons  from  adhesions  at  the 
time  of  the  operation  All  the  small  muscles  of  the  hand  being  paral- 
yzed by  the  section  of  both  ulnar  and  median  nerves,  the  improvement 
in  motion  cannot  be  explained  by  vicarious  movements  of  neighboring 
muscles  which  have  not  lost  their  nerve-supply  (Letievaut^^).  The  two 
possible  exceptions  to  this  might  be  the  long  flexor  of  the  thumb  and 
the  extensor  metacarpi  pollicis.  The  latter  muscle  is  innervated  by  the 
posterior  interosseous,  and  therefore  was  uninjured  in  the  present  case. 
Its  action  is  to  carry  the  thumb  outward  and  backward  from  the  palm 
of  the  hand,  and  hence  it  is  often  called  the  abductor  lougus  pollicis. 
But  abduction  of  the  thumb  is  not  noted  as  improving  at  this  time, 
although  opposition  and  adduction  are.  Both  these  motions  may  be 
explained  in  part  by  the  increased  action  of  the  long  flexor  of  the 
thumb  after  the  operation. 

Unfortunately,  careful  electrical  examination  was  not  possible  after 
the  operation.  When  the  first  improvement  in  motion  was  noted  the 
muscles  failed  to  respond  to  faradic  stimulation,  the  action  of  the  gal- 
vanic current  not  being  tried. 

Two  months  after  the  operation  the  muscular  power  of  the  hand  had 
markedly  increased.  The  ends  of  the  fingers  could  be  flexed  into  the 
palm  and  an  object  be  grasped  through  flexion  of  the  knuckles.  This 
motion  is  through  the  action  of  the  interossei  combined  with  the  long 
flexors.  Opposition  of  the  thumb  had  increased  markedly  as  had  adduc- 
tion, although  the  latter  movement  was  still  impossible  without  flexion 
of  the  thumb,  and  may  in  a large  part  have  been  due  to  the  action  of 
the  long  flexor.  The  atrophy  of  the  small  muscles  is  noted  as  dimin- 
ishing, though  still  quite  marked.  The  improvement  of  motor  power 
in  the  whole  hand  was  most  marked,  and  in  another  month  the  patient 
declared  it  as  well  as  ever,  and  went  back  to  work.  While  this  may 
have  been  true  from  the  patient’s  stand-point,  from  a scientific  point  of 
view  it  was  far  from  true ; for  over  one  year  afterward  the  finer  move- 
ments of  the  small  muscles  of  the  hand,  such  as  abduction  and  adduc- 
tion of  the  fingers  (interossei)  and  adduction  and  abduction  of  the 
thumb  without  its  flexion,  are  still  impossible.  There  is  also  wasting 
of  the  smaller  muscles  of  the  hand.  This  shows  that  the  action  of  the 
hand,  as  a whole,  cannot  be  taken  as  a test  of  return  of  motility  to  indi- 
vidual formerly  paralyzed  muscles.  As  suggested  by  Kennedy,  after 
five  months’  sei)aration  from  their  trophic  centres  the  muscles  may  never 
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be  able  to  resume  their  normal  functions,  although  the  regeneration  of 
the  nerves  down  to  the  muscles  may  be  complete.  It  must  also  be 
borne  in  mind  that  owing  to  the  frostbite  the  patient  was  unable  to 
use  his  hand  for  ovmr  eight  months,  and  this  probably  had  a marked 
effect  in  preventing  the  already  atrophied  muscles  resuming  their  nor- 
mal size  and  function. 

After  a careful  search  I have  been  able  to  add  sevmn  cases  of  nerve 
transplantation  to  the  thirteen  collected  by  Huber. Two  of  them 
(18  and  19)  are  unpublished  cases,  the  notes  of  which  were  kindly 
furnished  me  by  Drs.  White  and  Ferguson.  Huber  collected  in  all 
fourteen  cases ; but  his  fourth  case  by  Tillmanns  must  be  rejected,  as 
it  was  one  of  flap  suture  instead  of  transplantation.  How  the  error 
arose  seems  to  be  uncertain,  but  the  quotation  from  Bowlby'^*  possibly 
explains  where  it  originated.  Neither  in  Tillmanns’s  communication 
to  the  Gei’inan  Surgical  Society,  April  11,  1885  {Berliner  Min.  Wochen- 
schrift,  1885,  p.  375),  nor  in  his  article  on  the  subject  of  loss  of  nerve- 
substance  in  Langenbeck’s  Archiv,  1885,  vol.  xxxii.,  where  it  was 
reported  in  detail,  is  anything  said  about  nerve  transplantation  in  this 
case. 

As  showing  the  ease  with  which  errors  may  arise  in  collecting  cases 
from  the  literature,  it  is  only  necessary  to  mention  the  one  discovered 
in  going  through  the  eleven  cases  of  nervm  transplantation  mentioned 
by  Spijarny.^‘  This  author  reports  among  his  eleven  cases  three  by 
Albert.  This  must  be  reduced  to  two,  as  it  is  evident  that  the  first  and 
second  refer  to  the  same  operation.  Spijarny’s  quotation  is  evidently 
taken  from  Wolberg-’’  in  the  first  case,  the  latter  publishing  in  full  and 
giving  the  proper  date,  1876.  Albert’s*®  one  publication  of  the  same 
operation  furnishes  the  second  one  as  given  by  Spijarny.  That  this  is 
so  is  also  sufficiently  evident  from  the  fact  that  Albert,  communicating 
with  Wolberg,  would  not  have  omitted  it  in  his  statistics. 

Probably  there  are  other  cases  of  nerve  transplantation  buried  in 
society  reports,  but  as  far  as  lay  in  my  power  I have  endeavored  to 
make  the  list  complete.  By  private  communications  I was  enabled  to 
obtain  later  reports  in  Lange’s  and  Bradley’s  cases.  The  number  of 
cases  is  few  and  the  value  of  a summary  correspondingly  small,  but  I 
believe  it  will  be  useful  even  if  it  be  only  to  call  attention  to  the  lack 
of  details  characteristic  of  most  of  the  cases. 
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SUMMARY  OF  TWENTY  CASES  OF  NERVE  TRANSPLANTATION. 

Of  the  20  cases,  9 were  males  and  5 females.  The  sex  was  unrecorded 
in  6.  The  age  was  stated  in  12  cases,  the  average  being  twenty-seven 
and  one-half  years.  The  median  nerve  alone  was  operated  upon  in  7 
cases,  the  ulnar  alone  in  3 cases,  and  the  median  and  ulnar  together 
in  2 cases.  The  musculorspiral  was  operated  upon  in  7 cases,  and  the 
sciatic  in  1 case. 

The  injuries  to  the  nerves  necessitating  transplantation  in  10  cases 
were  due  to  removal  of  tumors  involving  the  nerves.  Incised  wounds 
were  responsible  for  4 cases.  Injury  followed  operation  for  necrosis 
twice,  while  gunshot-wound,  operation  for  gluteal  abscess,  ununited 
fracture,  and  simple  fracture  were  responsible  for  one  case  each. 

There  were  8 primary  and  1 2 secondary  operations.  The  time  elapsing 
from  date  of  injury  to  time  of  operation  varied  from  forty-eight  hours 
to  one  and  one-quai’ter  years.  Eight  out  of  the  12  cases  of  secondary 
operation,  or  two-thirds,  showed  improvement  in  sensation  or  motion, 
while  only  4 out  of  the  8 cases  of  primary  operation,  or  one-half, 
showed  signs  of  improvement.  However,  2 of  the  8 cases  (11  and  12) 
were  observed  only  ten  and  six  days  respectively. 

The  distance  separating  the  central  and  peripheral  fragments  varied 
from  3 to  10  cm.  As  far  as  can  be  judged,  the  distance  did  not  seem 
to  effect  ultimate  results.  In  9 cases  the  transplanted  segments  were 
from  sciatics  of  dogs,  in  5 from  recently  amputated  limbs,  in  3 from 
the  sciatics  of  rabbits,  and  1 each  from  the  spinal  cord  of  a rabbit  and 
the  sciatic  of  a kitten.  In  one  case  the  excised  nerve  was  itself 
implanted. 

In  9 cases  catgut  was  used  to  unite  transplanted  segments  to  central 
and  peripheral  ends  of  excised  nerves,  in  3 silk,  and  once  kangaroo 
tendon  was  employed.  In  7 cases  no  mention  is  made  of  the  suture 
material. 

Strictly  speaking,  no  case  can  be  said  to  have  recovered  entirely,  if 
by  that  be  meant  a complete  restoration  of  sensation,  together  with  a 
return  of  the  muscles  to  their  former  size  and  power.  The  nearest 
approach  to  this  condition  occurs  in  the  case  longe.st  under  observation 
(10),  where  at  the  end  of  six  years  sensation  had  entirely  returned,  and 
the  only  remaining  weak  muscle  was  the  abductor  of  the  thumb.  In 
3 cases  (10,  19,  and  20)  there  was  practical  recovery  of  sensation 
and  motion,  so  that  the  hand  was  entirely  useful.  In  two  of  these  (10 
and  20)  both  median  and  ulnar  nerves  were  operated  upon. 

There  was  complete  return  of  sensation  recorded  in  4 cases  (7,  10, 
11,  and  19).  In  3 cases  (12,  15,  and  20)  there  was  nearly  complete 
return  of  sensation.  Improvement  in  sensation  was  recorded  in  4 cases 
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(5,  13,  14,  and  16),  while  improvement  in  muscular  power  is  noted  also 
iu  4 cases  (7,  8,  12,  and  13). 

There  was  improvement  in  either  muscular  power  or  sensation  in  12 
cases  (5,  7,  8,  10,  11,  12,  13,  14,  15,  16,  19,  and  20),  while  in  6 cases 
(1,  4,  6,  9,  17,  and  18)  there  was  no  improvement  in  either  sensation 
or  motion. 

The  shortest  time  any  case  was  under  observation  was  six  days ; the 
longest  six  years.  Of  the  5 cases  under  observation  one  year  or  more 
(4,  10,  17,  19,  and  20),  3 (10,  19,  and  20)  made  nearly  complete  recov- 
eries in  both  sensation  and  motion. 

The  average  time  in  which  sensation  first  appeared  after  the  opera- 
tion was  about  10  days,  while  the  average  time  for  the  first  appearance 
of  motion  was  about  2\  mouths. 

GENERAL  CONCLUSIONS. 

1.  Transplantation  of  a peripheral  nerve  segment  to  bridge  over  a 
gap  between  the  two  ends  of  a resected  nerve  is  a legitimate  surgical 
procedure. 

2.  Under  favorable  conditions  at  least  partial  and  at  times  complete 
restoration  of  sensation  and  motion  may  be  expected  to  follow  the  opera- 
tion. 

3.  Regeneration  of  the  degenerated  peripheral  end  is  due  to  down- 
growths  from  the  axis-cylinders  of  the  central  end. 

4.  From  the  slowness  of  this  process  the  longer  the  time  after  opera- 
tion the  more  favorable  will  be  the  results. 

5.  Sensation  may  return  very  early  after  operation,  and,  as  a rule, 
precedes  return  of  motion. 

6.  This  rapid  return  of  sensation  is  not  due  to  down-growth  of  axis- 
cylinders  or  to  conductivity  of  the  transplanted  fragment,  but  must  be 
explained  by  collateral  nerve-supply. 

7.  In  many  cases  very  early  return  of  motion  after  transplantation 
may  be  due  to  vicarious  movements  of  other  muscles  than  those  for- 
merly paralyzed  and  not  to  a regeneration  of  the  latter’s  nerve-supply. 
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